Background: Emergency start (ES) of dialysis has been associated with worse outcome, but remains poorly documented. This study aims to compare the profile and outcome of a large cohort of patients starting dialysis as an emergency or as a planned step in France.
Background
Differently from recent trends in the USA [1] and in overall European Union [2] , the number of incident patients with End-Stage Renal Disease (ESRD) in France continues to progress, with a steadily rise of 2.2% per year between 2006 and 2012, mainly due to diabetes 2-related ESRD [3] .
Preparing patients for renal replacement therapy (RRT) is a challenge for nephrologists whose role is to convince them about the asymptomatic end stage of a vital organ, help them choosing the most appropriate RRT modality, prepare a dialysis access, manage anemia and nutritional support, and assess their suitability for renal transplantation waitlisting. Late referral to nephrologists (defined as a referral < 3-4 months before RRT initiation) has been associated with poorer outcome, prolonged initial hospitalization, higher risk of all-cause death [4] [5] [6] [7] , and increased costs for the health care system [8] . In France, strong efforts have been made to promote the early referral of patients with chronic kidney disease (CKD), including information to general practitioners about CKD, definition of national guidelines for renal care and referral, and implementation of health networks between hospitals and general practitioners [9] .
Once referred, current guidelines recommend delaying dialysis initiation until the occurrence of uremic symptoms, degradation of nutritional status, uncontrolled hypertension, volume overload, threatening acid-base or electrolytes disorders [10] . For some patients, acute pulmonary oedema or threatening electrolytes disorders appear before uremic symptoms, that lead to start dialysis in emergency conditions. The impact of starting dialysis in emergency conditions ("Emergency Start" (ES)) has not been widely studied. A previous French epidemiologic study [11] based on the 2006 Renal Epidemiology and Information Network (REIN) data, pointed out that ES was associated with a worse one-year survival rate than "Planned Start" (PS) of dialysis (74.2% for ES vs. 87.4% for PS, p < 0.001). Some other studies also have reported worse outcomes associated with unplanned dialysis start [12, 13] , but no strong data is available about the profile of patients starting dialysis in emergency conditions, and the factors leading to ES. Moreover, the group of patients exhibiting an ES is probably heterogeneous and deserve to be better described, in order to enhance their management.
The aim of this study was to compare the clinical status and outcomes of dialysis incident patients in 2012 mainland France according to the dialysis initiation condition (ES or PS), and to analyze the ES group. In addition, patients who started dialysis in 2006 or 2012 were compared to determine whether the ES rates, profile and outcomes changed during this interval.
Methods

Study population
This study was based on data from the REIN registry. This registry started in 2002, and progressively extended to the 22 metropolitan French regions and 5 overseas territories. All French patients with ESRD are registered, including those who undergo preemptive kidney transplantation. Patients with acute kidney injury requiring dialysis are not included in the registry. If unclear, chronic kidney failure is defined by a persistent requirement of dialysis after 45 days of RRT (REIN guidelines).
All incident patients aged 18 years or older who started long-term RRT in one of the 22 metropolitan regions in 2012 (or in the 16 regions included in 2006) were included, if the dialysis initiation status (PS or ES) was described. Patients who underwent preemptive kidney transplantation and patients on dialysis after loss of a functional transplant were not included because they were not considered as incident patients (REIN guidelines). Patients from overseas territories were excluded because of the significant differences in demographic characteristics (higher rate of diabetes and hypertension) and clinical practices compared with mainland France.
Collected data
The proportion of ES among the included patients was calculated, globally and for each region. ES was defined as a first dialysis session within 24 h after a nephrology visit, for life threatening conditions, including acute pulmonary edema, severe hyperkalemia or acidosis, uremic confusion or pericarditis. This applied also to patients with a previous follow-up and presenting with an acute complication. However, the exact cause of dialysis start was not recorded in the registry.
For both groups (ES or PS), the following baseline (i.e., at dialysis initiation) data were collected: age, sex, primary renal disease, nutritional status, comorbidities, walking disability, and ESRD management (place of care, modalities). The number of previous nephrology visits within 1 year before dialysis start was also registered. Primary renal diseases were grouped in three categories, depending on the form of renal function impairment: acute nephropathy (including CKD exacerbation or flare), slowly progressive nephropathy, or unknown (see Additional file 1).
Then, the same data were compared between ES patients who started dialysis in 2006 and in 2012 (in the same 16 regions included in the REIN registry in 2006). Only, the number of nephrology visits in the last year before dialysis was not compared because this item was not recorded in the registry in 2006.
Statistical analysis
Patients' baseline characteristics were expressed as frequencies and percentages for categorical variables, and as median and interquartile values (IQR) for continuous variables. Demographic and clinical features were described by subgroups and compared using the Chi-square test, according to the initiation timing and the year of dialysis start: ES vs PS in 2012; ES in 2012 vs ES in 2006. Moreover, subgroups of 2012 ES patients were also distinguished and compared depending on the number of nephrology visits within 1 year before dialysis start (if available): no previous visit vs ≥3 visits. Missing data were presented in tables for the descriptive results when > 10%. Before the analyze of each event of interest, missing data were handled by multiple imputation method.
Three-year survival and cox regression
All patients who started dialysis in 2012 were included in the analyses (three-year follow-up was completed for all included patients). Patient survival was assessed from dialysis initiation up to 3 years after dialysis initiation. Kaplan Meier survival curves were plotted for each group and log-rank tests were used to compare threeyear survival of the groups. The Cox regression method was used to evaluate the association between patients' characteristics and three-year survival. All variables associated with the outcome in the unadjusted model (p < 0.2) (were included in the adjusted model. All variables with a p-value < 0.05 in the final adjusted model were considered as statistically significant. To deal with the problem of missing data, the Multiple Imputation by Chained Equations (MICE) procedure [14] was used for each variable before Cox regression. The process was repeated for all variables with missing values and to stabilize the results, the procedure was repeated for ten cycles to produce a single imputed dataset. Finally, the whole procedure was iterated five times to obtain five imputed datasets.
Statistical analyses were performed with the Stata 13.1 software (College Station, Texas, USA).
Results
Comparison of the 2012 incident patients depending on the dialysis start condition (ES or PS)
A total of 8839 patients were included and represented 91% of all incident patients in mainland France in 2012 (9% were excluded because the dialysis initiation status was missing). Among them, 30.3% experienced an ES. The baseline characteristics of the ES and PS groups are presented in Table 1 . There was no significant difference in sex and age between the ES and PS groups. Patients experimenting an ES had significantly more comorbidities: 39.2% had ≥2 cardiovascular diseases compared with 28.8% in the PS group (p < 0.001), and there was a higher proportion of smokers and respiratory disease, cirrhosis, or cancer in ES group. BMI repartition showed a higher proportion of extreme rates, and a larger part of ES patients had a serum albumin concentration < 30 g/l. The first RRT technique for patients with ES was almost always hemodialysis (98.2% for ES vs 86.6% for PS, p < 0.001) and required most often a central venous catheter placement at initiation (85.4% vs 43.3%, p < 0.001).
The three-year survival rate (Kaplan-Meier curves) was significantly lower in the ES than in the PS group (57% vs 68.2%, p < 0.001) (Fig. 1) . After adjustment for age, sex, comorbidities, nutritional status, pre-dialysis anemia management, baseline eGFR, vascular access and dialysis start condition (ES or PS), ES remained an independent risk factor of death within 3 years from dialysis start (Hazard Ratio 1.10, 95% CI 1.01-1.19) in the multivariate analysis ( Table 2 ). Causes of death were similar in ES and PS groups (Additional file 1: Table S2 ). About first dialysis management, the use of central venous catheter was independently and strongly associated with worse three-year survival (HR 1.41, 95% CI 1.30-1.54).
Some data provided insights into the patients' management before dialysis start. In the ES group, 26.5% of patients were using an erythropoiesis-stimulating agent (ESA) and 20.5% had an arteriovenous fistula at dialysis initiation, thereby demonstrating a previous follow-up (Table 1) . Moreover, among patients for whom the data was available (1240/2678), 36.4% of patients in the ES group visited the nephrologist three time or more in the year before dialysis initiation. The analysis of the characteristics of patients in the ES group with ≥3 previous visits (Table 3 ) revealed a particularly high proportion of patients with diabetes (53.4%), cardiovascular (54.3% had ≥2 cardiovascular diseases) and respiratory diseases (22.8%). Interestingly, 78.5% of them had a slowly progressive kidney disease, and they exhibited an ES with a median eGFR of 8.9 ml/min/1.73m 2 , close from patients of the PS group. The three-year survival rate was significantly lower in the ES group with ≥3 previous visits than in PS group (56.1% vs 68.2%, p < 0.001) (Fig. 2) . Conversely, patients in the ES group without previous nephrology consultation were younger and with less comorbidities, starting dialysis with low eGFR (median 6.2 ml/min/1.73m 2 ); their three-year survival rate was 58.4%. The clinical profile of patients with ES remained similar, with high comorbidity level ( Table 4 
Discussion
This large epidemiologic study, based on prospectively collected data from the REIN registry shows that in France, the ES rate is very high (about 30% of all incident dialysis patients in 2012) and remained stable between 2006 and 2012. This result is consistent with studies on other European and North-American cohorts [15, 16] that highlighted the difficulty in reducing ES rate, despite the development of multidisciplinary management for ESRD [17] .
Our study shows unequivocally that ES is associated with worse prognosis than PS (three-year survival: 57% for ES vs 68.2% for PS, p < 0.001), indicating that ES demonstrated in a monocentric study that ES was the major confounding factor explaining the over-mortality of hemodialysis compared with peritoneal dialysis as first RRT modality, and ES was the only factor strongly associated with early mortality in dialysis [16] . Moreover, the STARRT study showed that the benefits of early referral to a nephrologist are lost in the case of "suboptimal" dialysis start (i.e., not starting with the planned modality or as an inpatient or with a central venous catheter) [12, 13] . Furthermore, ES is associated with poor quality of life and a substantial heavier healthcare burden [15] . Due to ES deleterious impact, it is important to precise the profile of ES patients, in order to improve their management. Our data bring some insights on the clinical profile of patients exhibiting an ES. Compared with patients in the PS group, these patients had higher comorbidity burden, especially cardiovascular diseases. Moreover, within the ES group, we could distinguish two discrete subgroups based on previous nephrology care: on one hand, patients without pre-dialysis care (no previous nephrology consultation), who experimented ES with low residual renal function because of an acute kidney injury or an undiagnosed ESRD. On the other hand, patients with consistent pre-dialysis care (≥3 consultations in the previous year), who probably initiated the RRT preparation (confirmed by arteriovenous fistula and the use of ESA), but presented a life-threatening event before the appearance of uremic symptoms. They mainly have slowly progressive nephropathy, but a particularly high comorbidity burden that could lead to an acute decompensation of their cardiovascular or respiratory condition at quite high eGFR. Patients in the ES group with ≥3 visits have worse three-year survival than patients in the PS group in our study (56.1% vs 68.2%, p < 0.001). These findings corroborate the results of the only other study on this topic, performed in 184 Canadian patients. In this study, the group of patients with previous follow-up but unplanned start had a significantly worse one-year survival rate than patients with planned first dialysis. Congestive heart failure and higher BMI were independently associated with the risk of unplanned dialysis start (i.e., initiated as inpatient) [17] . These and our findings suggest that the ESRD a Active malignancy: solid tumors or hematological malignancies b Cardiovascular diseases: myocardial infarction, arrhythmias, coronary insufficiency, heart failure, arteritis of the lower limbs, cerebrovascular accident BMI Body Mass Index, HD hemodialysis, HDF hemodiafiltration, APD automated peritoneal dialysis, CAPD continuous ambulatory peritoneal dialysis, ESA erythropoietin stimulating agent, eGFR estimated glomerular filtration rate management of patients with high comorbidity burden needs to be improved and question the suitability of the current recommended strategy of dialysis initiation at the uremic symptomatic stage for these high-risk patients. This is apparently in contradiction with the recent evidence-based guidelines on "late initiation". However, these recommendations are based on the IDEAL cohort, a highly selected subgroup of younger, relatively "healthy" patients with a careful follow-up and, consequently, they may not fully apply to patients with high comorbidity burden. Controlled trials are needed to determine whether early dialysis initiation could avoid ES and improve survival in this specific group of patients. Another way of improvement is to optimize the attendance of pre-dialysis clinics, and to increase the ESRD follow-up frequency [19] . Indeed, Singhal et al. underlined that "cumulative care" (number of nephrology consultations) and "consistent critical period care" (defined as ≥3 consultations during the 6 months before dialysis initiation) are more relevant than the classic "early referral", and are independently associated with better survival [20] .
Even if a part of ES remains unavoidable (acute kidney injuries), reducing the proportion of ES is not a desperate cause: some regions in France managed to decrease ES rate from 2006 to 2012. For example, the Lorraine region set up a city-hospital nephrology network (Nephrolor) and increased the volume of information given to the general practitioners. ES proportion dropped from 49.8% in 2006 to 19.5% in 2012. This example indicates that ES high rate is not inevitable, but a proactive ESRD care policy is needed.
The main limitations of our study are linked to the nature of a registry-based epidemiologic work. First, the definition of "ES" remains open to criticism. The REIN registry classifies as ES any first dialysis occurring within 24 h after a nephrology consultation because of a life-threatening complication. The problem of not standardized terminology about unplanned dialysis start is still unsolved. Mendelssohn proposed the term of "suboptimal initiation", defined as starting dialysis as an inpatient or with a central venous catheter, or not with the planned dialysis modality [15] . However, we consider this definition inappropriate because many patients, mostly elderly, are not eligible to arteriovenous fistula or refuse it, but may start dialysis on a catheter in a planned setting.
Another limitation concerns the "previous visit" item, which was added in the registry only in 2009. However, this information was available only for 45% (n = 2797) of all 2012 incident patients included in our study. Therefore, the conclusions based on this information must be interpreted cautiously. Finally, the REIN registry does not record the specific cause of dialysis start, which could be useful to better identify the patients' profile and ES context.
Conclusions
Our study shows that in mainland France, the absolute rate of ES is still high (about 30% of all incident patients) and didn't decrease between 2006 and 2012. After full adjustment, ES remains independently associated with higher three-year mortality risk. A substantial proportion of ES was observed in patients with regular previous follow-up but high comorbidity burden, suggesting acute decompensation as the cause of ES. More data are needed to identify patients at risk of ES and improve their pre-dialysis management, in order to avoid ES and its deleterious consequences.
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